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INTRODUCTIO!4

The mineral wastes from coal preparation and mine development constitute a

major environmental problem. More than 3 billion metric tons of these materials

have accumulated in the U. S., these are in coal waste dumps estimated to be

between 3000 and 5000 in number of which half pose some type of health, environ-

mental, or safety problem. Structural weaknesses in coal refuse banks have led

to tragic lands?ide~ such as those at Buffalo Creek, West Virginia, ;nd Aberfan,

Wales, and tileappruxiluately 300 burning waste banks are a major source of air

pollution. In addition to these problems, there 1s growing concern about

environment~l effects from the trace elements present in the highly mineralized

acid drainage from coal refuse dumps that affect many thousands of miles of

streams and water~iays.

Although it has been established that the drainage f’romcoal refuse dumps

is often highly contaminated with trace or inorqanic elements, little is known

about the quantities of undesirable elements released into the environment from

this source. AISCIdcvcloplllcntof the necessary control technologies for human

and environmental protection requires quantitative evaluation of the extent and

severity of the problem. As one of tl]esteps in the solution to these problems

LASL has been directed by the Department of Energy (DOE) and the Environmental

Protection Agency (CPA) to assess the nature crndmagrlitucleof trace elements in

the effluents from coal preparation wastes, and to identify the necessary con-

trol technologies.

The major activities in the LASL research program are,

(!) assessment of the nature and magnitude of trace elements in the

effluents from coals and coal preparation waste,

(2) experimental identification of the chemistry of the trace con-

stituents of envirormntal concern, and
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(3) identification and expei’imental verification of effective environ-

mental control strategies to control the release of hazardous

trace elements.

This paper describes the results of the research thus far carried ~ut on ccal

wastes from the higrlsulfur coals of the Illinois Basin and some results of our

studies on coal wastes from the Appalachian Region.

EXPEI?IPKNTAL

1. Solid Mste Characterization_

To understand why coals and coal preparation wastes release trace elements

(i.e. all eleiilentsexcept C, H, S, N, O) in the amounts that they do, levels

and mineral rel~tionships of these elcli~entshave been studied in samples of

coal preparation viastes from the Illinois Basin’
2and from the Appalachian Regioil.

The Illinois Basin refuse samples were conlposed of cl~y rilinerals(largely

illite and kaolinite), quartz, pyrite and marcasite. The average mineral cot)-

terltfrom three coal cleaning plants sampled is given in Table I. The

Appalachian refiise that we used for our experiments differs in that it contains

considerably less pyrite and marcdsite, and a higher fraction of residual coal

and unidentified matter. These data are also listed in Table 1.

These studies of refuse structure and mineralogy revealed the great. pot.cntjal

of these mal-cridls to release harmful quantities of trace elements. A larqe

number of clcmnts that ~~regenerally considered to be environmentally sensitive

are present in these refuse materials in sigriificant quantities (~ 30 }i~/g].

Included among these are fluorine, aluwinunl, manganese, iron, ccbalt, nickel,

copper, zinc, arsenic, and lead. Although the relative amounts of some of these

components are seemingly sn]all, the ~bsolute quantities th:ltare available in a

large or active waste dump might have grave consequences in the surrounding

environlllentif they were to be re”lc~scd and cmlct!ntroted L)J’natural processes.
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TABLE I

MAJOR MI!JEF,ALSIN COAL PREPARAT ION MASTES+

Illinois Basin
Mineral (Avg. fot”3)

Kaolinite, (A12Si205(OH4) 12

Illite, (K A12(Si3Al )010(Ol;)2) 14

Other clays 11

Pyrite, Marcasite, FeS2 26

Quartz, Si02 21

Calcite, CaC03 2

Gypsum, CaSO~2t120 2

Other (coal, unidentified species) 11

App~lachian

-!@@_

11

19

5

ml

20

1

3

40

aration plants is shown in Table II

2. Characterization of~oal waste leachatcs.—.. — .

Static and dynamic leaching experiments have been performed to

trace element behdvior of these coal wastes under simulated weather’

These experin)ents were done to Lrovide information needed to predic

evaluate the

ng conditions.

quant.itd-

tively the trace element levels in the drainage from coal refuse dumps or dis-

posal areas and to identify those elements of environmental concern.3

One of the mot-e import~nt characteristics of the refuse materials is

their ability to produce acidic leachatcs during aqueous leaching as a result of

the ~xidative dcgradatiGn of the pyrite and ‘narcasite minerals. This is true

for leachates from th~ high sulfur Illinois Basin r~fuse (“leachate pi{,2-4) and

for leachates from the low sulfur Appalachian region refust’ (leachate pH ~ 3).
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TABLE II

SU!!!4ARYOF TRACE LLE:lE~lT- MIIJER~\LP,SSOCIAT70NS IN REFUSE
FROi4THREE ILLIf401S BASIr4COAL PRE~ARATIO1{ r’LAliTS
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These acid leachates are very efficient in dissolving or degrading n]~il.yof the

rlinerals in the refuse, thus relc~sing the trace elements associated with t.t)~in,

Figure 1 SIIOWSthe relation between p}{and total dissclveci solids as (Ieternlinc(i

for some of the cxperil]~el]tallcachi~t.esproduced using coal wastes. It is clear

from the figure that the highly acid s,olutiot]sthat.result from pvritc oxidation

can produce highly conl.amindted leachates.

Experiments have b:’enperformed to simulate tileintcrnlittent rainfall and

weathering to which refuse dunlps are subjected. These researches have revealed

that this alt.ernatc oxidation and leaching of the l)yrite in the refuse is a

most effective way to gcnerat.e acid leachates and indeed these intermittently

leached coal waste pilv, pose ~ for great~r pollution thrcwt, in terms.of both

quantity dtldtinle,t.l~atlthose wastes that arc always in contact with water or

tj
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FjrJ. 1. l%c relationship bctuecn pli and total d~zs~l~red ~~lidz for Icuchtez
from static leaching experiments with Illinois Basin coal refuse.

or otherwise isolated frolllair. The experimental data on trace element leach-

ability that wc generated as a result of these simulated weathering and leaching

studies ha’~ealso been compared with similar data for actual refuse dump drainage

from diverse points in the Illinois Basin. The hi~h level of agreement between

the two sets of results indicates convincingly that the labratory leaching tests

realistically simulate t-efusedump conditions!

Our investigations have shown that.aqueous Ieachates from the high sulfur

coal refuse of the Illinois Basin contained ni!lcelements [F, Al, Mn, Fe, Co, Ni,

Cu, Zn, and Cd) in environmentally hazardous concentrations.4 The criteria

used for identifying trace elements of environmental conccrnhavebeen puhlishd

by the U. S. [environmental Protection Agency5 in a report tbt defines
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multimedia envirowne~tal goals (MEGs) and the minimum acute toxicity effluents

(MATEs). These data are displayed along with other trace elements identified in

this work in Fig. 2,6 Leachates derived from the low-sulfur Appalachian coal

Figure 2. Trace Elements of Environmental

Concern in Coal Waste Drainages.
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refuse were

potentially

Mn, Cu, Al,

also analyzed in terms of EPA’s MEG/lWl[ system for classifying

hazardous ccntamil]arrts.z These researches have identified Ni, Fe,

and Zn as the leachate pollutants of greatest environmental concern

in the Appalachian region coal wastes that we have studied.

3. Env!ronwental Control Technolo~ Studies— .— —.— —--—

It is necessary, but not sufficient to only assess the nature and miignitude

of triiccelemerit contamination in coal waste drainages. A necessary adjunct to

an experimental program of this nature is a concurrent laboratory evaluation

and identification of environlrlentalcontrols for abatement c)i- diminution of the

pollution in these drainagrs. These laboratory investigations have been carried

cut and the results classified into three environmcnt~l control strategies.

These strategies t:}~j’de~cribed as follok;s:

o Treatl;lentof i:herefusp (before dis]lnsal) to rewove or imobilizc

mobile traC:relement~ of ~tiVi~GlliWtltdl concern.

o Treatment of the refuse (at the time of disposal) with neutralizing

agents, ilbsorbants or sealants l;ocontrol the release of undesirable

trace elements from the refuse pile.

o Treatment of the cent.aminatcd drainage (after disposal) to reduce trace

element cof]centrations to envirolwwntally acceptable levels.

Clearly there are many possibilities to

this presentation r.Iek;ill describe the basic

identified in our researches, that I101cIsthe

areas.

consider in each cat~gory. For

control t~chnology, that we have

greatest promise in each of these

Pre-dis~o>al calcinirlq to immobilize refuse constituents— ..-..—.. .——— -—.———.— .——..-.—

Tilepossibility that the release of toxic trace elements into the environ-

ment can be controlled by pre-treatmerrt of coal preparation waste: has been
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investigated experimentally. One approach examined is that of heat-treating the

wastes to form what appears to be a glass-like structure that apparently

irwvobilizes the trace elements in the refuse matrix and prevents their escdpe.

Several sets of calcining and leaching experiments were conducted to

determine optimum heat treatment conditions necessary to chemically immobilize

the imtentially toxic trace elements in the refuse m~trix. These experiments

were performed using high sulfur coal preparation waste from a plant in the

Illinois Basin. The waste was groufid to -20 (0.84 mm opening) mesh and calcinec!

in air at 873K, 1073K, 1273K, and 1473K for 2 h. The calcined residues ~~ere

then statically leached (stirred with distilled 1{20) for a peri~d of 4S h ii~ifi~

3 ratio of 4 L }{20to 1 kg of calcined refuse, and pll’sand total dissolvrd

solids determined.

The effect of the refuse calcining treatments on the I;iinertilcomposition

of the rf2fUSC iS il”lUS~ra~t?d ~~ ~d~;(!S III dll~ ~~. T<ihlu ;ii de] illedt.cs tile

changes in refuse mineralogy that have occurred as a function of hetit tr[;ati:i~!lt.

Table I\’presents the mineral corivcrsiofireactions th,~toccur at Ili{]htelJl~-IJ-ature,

It is seen from l“able III that the two IHO:;: envirowienhlly actii’e species,

TABLE III

EFFECTS OF CALCINIliG O;iCOAL REFUSE fiI!JERi’J!OU])i

TE14PERATURE PYRITE CLAYS

llncalcined Present Present

8731[ Present

1073K Present

1273K

1473K

QUARTZ CALCII[ }{EF::,lIIE CORLI:;2W’1

Pres(~nt Present

Present - F’t”es’’rlt

Present - Present

Present - Present

Present - Present ?resent
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Clays

Calcite

Pyrite
or

Marcasiti’

Quartz

TABLE IV

liIGHTEMPERATURE MI;~ERAL TRP,liSfOR!’lATJGiiS

Complex Aluminosilicates

CaO + C02 +

‘e203 + ’02 +

Quartz

pyrite (marcasite) and calcite, have been transfoi-med to high temperdtcre phases

by N73K. By 1273K even the clay minerais have been converted to structurally

indefinable alu!;linosilicates. The x-ray diffraction analyses reported in Table

111 ccnfiri~l~that the mineralogical transformations listed in Table IV have

:,C,:n ,;ffc::<yj~!:~ed~ t,.n-l+l!lnl>+...,\,,,b,,&in t!ler?nqe of 1973 to 1??3 K.. Physically tlIe.

sam;>les calcined at 12731(twr~ fused or sintered iltparticle surfaces.

The SUCL.QSSof the c51cining treatment at reducing trace element releases

during refuse leaching is illustrated by the data in Table V, which lists trace

elc!llentdata of envil”orl::::)ntalconcern from a coltillarison?eaching test (JFcalcined

and unccilcilledref[i~e si~!Iples. The refuse ~amplt~s referred to in the table had

Ijeensubjected to st~tic Ieaclling for 48 h. It is seen that the concentrations

of the group of toxic elcl!ientslisted ~re reduced illthe leachates frow the

calcined rcf~~seby as WC!] as twc orders of magnitude over the concentration in

the raw refuse Ieachatcs. Leaching experiu!cnt.swere also conducted using acid

solutions (pi{< 2) with essentially the same t-esults.

Calcining of acid COJ1 ~-efuscm~tei”ials prior to c!i~posal could produce

several beneficial effects. Formnost among ttlese is the conversion of an

active, highly polluting waste material into a chemically and geologically

inert mass that can be easily anclsafely disposed almost an.ywherp with ortin~ry

10



TABLE V

TRACE ELEMENT LEACHABILITY OFA HIGHSUL~UR COAL

REFUSE SAMPLE CALCINED AT 1273K

Element Uncalcinecl Refuse Calcined Refuse.—. —. — —.----

Ala 100 0.4

Fe 600 < 0.03

Mn 5.8 G.03

co 2.8 < 0.01

Ni 4.8 0.01

Cu 0.10 0.01

Zn 2.8 0.05

Cd(ppb) 68 0.3

ph 2.9 f’.)~

TDS(X) 1.4 0.2

aLc~chilte concentration reported as ppm iJnlessotl?crv;iseroted (50 c crushc’d.
refuse/2Cd fiil1{20/43 h)

landfill practices. In so doing calcining prcscnt~ a highly effrctivc and

probably pcl-l:ianent.solution to a most difficult wdst.u cui~~rolIllt’!]lcntcA

corollary to this is that the cdlcined refuse materials mis!ltkirll be c;ass;fied

as nonha~ardous under the criteria developed in conjunction with the Rcsnlirce

Conservation and Rcccvery Act (RCRA). This circumvents ~-}pneed to lilt?Pt ttlC’

cumherso:ms and costly permit and performance requirenlents tlmt LCRA dictates for

the disposal of hazardous wastes , a cateqory into which m:ch, if net all , un-

treoted high sulfur refuse tN~terialS will probahl.y fall. ;~lso, ttlcre is high

potential for the rccovcry of by-products in connection with refuse calcininq

11



that d(JPLnOL CXiLt ;Or many rJf ~lIr! other ~[lrltr~ltc~hrroloqy ~cilo!,lc;.Pr)terltiilllj

rccovcratj”lcproduct~ includr ~ulfur, iron, and aqgruqat~. matcrial~.

UE!ll!.f.w’-l!’!-”- -..=--—- -–---------------with ;Jlkt]lirrcIfi,]tfurij!l:,

one of ti!(lnklj6r LfJnLlusi(Jnr.frcml ol~r Cilrliet”studic’, of the cnvironrlcntdl

behavior of (.oal refuzu rmtcmi~l~ concernf:d ttl(:irnpart~rlt:(:of ptl irlcontrol liflq

trace clcl;lfnLrfylea~;”.dilrirl(jrufu!,r:l(:(l(.hinq.In all instanccr whun l~ach;]t~

pllwas mdint~irlr’dirt(Jrn(!ilr the n[!:Jtra~[Joint,only rllin~l~mlamountz of trirct?

clementb were :L!vat(!d I)y the lc(][.hi]tes.Corlvcrscly, whcrroxiclirtivf:clegrad~tion

of the pyritic matcrial~ in the rcfu~c cau:,bd lcilch~t.r:acidities to build up,

~u!)r,[~llti~lqlJanLiti[,:,(If:,uch~rlviro[l[ll[:nt~lly~roul)lc~,~l:i(~ clmwni.~ CI< l_c, Al ,

Mn, Cu, Co, aridtiiwere Solvated I)y the acid l(?iJchatr’L.This rnarkud rJc~Jenfir}rlcv

of the dcgrue of tr~CC!C!lcril(!ntC(lrl”tillll”irliltio)](Jfrcfu~u leachates orllcach~te

ptisuggest.cd ttlilta frllitflllnwllrl!;of pr(:qicrlLir)fJtrace (!lwwrrt rclcdsc~ from

dibcdrdwi rucu:.(’li:~irli~l,t:uul(l!)::io ddu IICLI[.I-J1izill:; l:!;IJ:;LL LO Lilt r(:~u>c d~

the tiw of disptJsillto rcduc{! lL’ilLlliJtr!acidily, in situ, a~. it is fOt’IIIC!fl.

Column leaching cxlwrirllurlLstllfltutilize rnixturus o? [mwdercd lime and

high sulfur rcfu~e were?contiuct(’dto test.the cffcctivcncr;~ of tlli~ in situ

neutralization conccl)t. There cxl)i’rimcntsprovrd to lx!v~ry f~-uitful. For

these c~pcrim]lts, powdurcd lime in varying irrnounts( 3 to 50 g) was slurri(’d

in 150 nl~:of distilled wiltrrvith -9.5 Illill hiqh-sulfur Coin rvfusc ( 530 g, frol~l

Illinois DilSin Plarlt l{). Ttw rcsult,i]ntruixturc w~s sulK(:rIIJP:Itlydried illair at

323K and rccrushed to -9.5 IIUIIpa).ticlus, Four different lime conccnLrations

were employed, 0.5~ 1.5, 3, and 10;~j(by weight).

Column leaching ex]lcrillientswere conducted with about 500 g of each of

the above samples to dctcrn]inc the effects of the lime additions. lhe refuse

mixtures were pdCkCd into pyrcx columns 0.4 m long by 0.05 m diameter and

subsequently leachcclwith distilled water at iIflow rate of .009 nlf./suntil

12



cunl rufusc

nl~~Oridl !, d(JC5 iIl)l)(I,ll’trJ Iw an dttrirctivc option for controlling trace clement.

contdmirmtiof] of di:Jpo:,~llarea drd-inag[’s. The ~cchniquc is on? y IIIwlercIt(!ly

costly (out- 1978 cSt.il:i,ltrVms $0.50 to $1,00 per metric ton of clcdncd coal )

and appcdrz to ~JC a hi!]hlyeffect.ivc mcdrrs of preventing the rclcusc of a con-

tanlinatcddrainage from coal refuse clumps. The technology for mixing alkal ine

agents with coal rcfusu n]atcrials should I)cqrelatively sinlplcand is imediat.ely

effective.
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Thcm drc hnwvr:r a fw! un(.c:-tainti(!r,a~u.oci~tcfiwith tileu~c of alkdline

additivc~ for cr)~l r(’fusu rrliJt(:riiJls. On~ uncertainty invfJ]v~~ thrj long term

effcctivf:;l~r~or pcr::l;J]l(:r~cyof LIVJrrv~thod. The durilbility and irl::,:obilityof the

alkdlin(! ddditiviL’~ fJVC’r l(Jn~ 9CfJ](JqiC [l(!rib(l~fIlb7tIJ(2 dE?Wn\trdt(?’j. Arrathr’r

que~tioll ilz’,(~cii]t(:dwith c(Jdis[J(jsin~Jalkaline fldditi~{:r;and high z[Jlfur coal

refu~c mrlt(?ri[ll~C(Jn(.(!rll!;t.hc ‘{[lllAcld:!.ifimtion of the resulting refuse

additiv~ ll:illlJr~L.]t i~ not clear dt thi~ Lillwwhuthcr su[.na rl,izturcwould IJC

cla:)!lificfliJ~)IIazi]rrlw!, or r]r)t-lllijzi]r(lous. A:,puintrd out Orrrlier, a hilzardou~

RCRA du!,i!jrl;lliutlcuuld lJ(_! quitx?coztly for tl:cdi-;lo~,ll~ite OrJ(?i”d~(Ji-. Anottlr’r

\CJlllOklll[l[,lll’(j!lt,iv(!dT,lJf?(.tCJf r(!fI.J~[!cOdi<[Jo’,dlwith dll:dline dgents d~ CCJllliJiJr(!d

to rcfu~(: cdlcining, f(Jr cxaIyIle, ir it~ I(JW lJolL!ll~idl f~).by-pr~dll~!.t“~~(Jv(”r~.

TtleliJckof”Sur;h lj{J~(:llt~iJl, Of C(JUr7(!, W(J,]L(!5 the pOL:,i!)ililJ of (JffSL!ttin~j

cnviror?lllollLJl(.~)!it:;with rccov[)rrd product’ viJluc.

I)nsl.-(li;,l)r)’;llcnnlrnl rIf Irzro l~l,,l!!(!nt.-c:~r!!;’::!+n?!:ir)n‘Jf vf’’r.n <f!:!:?;+,.>+”=,:r
..-, . . . ... ..-’.. ....-. ... ...... ,...,,!,!........................ ----—---- .

M;ILLII’t)’r?iltl::(’rllit thv IMJSL l:llovJn:indwidely practi~.fidof control tr?cl]nol-

oqics. 1111Itilc wc Imv(’ev,iluatcd I:nowl]al)drccoqnizcd corltrr-Jlmctho[!:,of water

trcatmcl]L.for the ctJi]lwil~tu (Irilill,]!;c$, (ion exchnll(jc, rcw!r~cosll,oti!;, oxidation,

chelation), w nt-c w15t int(’r~~[(d in control:; thti~are realistic in tcr-vlsof

coSt irlld (’iJLC’ Of illlljl(~lll(?llt.ilt.ioll;Lhcse ar(’wst nccc~~~ry con~id[:rd~ions in

view of the cnormourl !Icllrri]tionrfile (greater than 100 milliol]me~ric tons pcr

yedr) of ttluCudl W(lst(’q. One arm that wc lIavccorlccntr,]todon is pllcontrol

by means O( nlkillinc?tlculrillizfit.iun, Tllccf”fcct of IJli011 (ir.ninagcq from higl~

sulfur codl wdstcs in the lllinois Dasin has ken inv~stigaterl cxtcrlsivcly

during t.hcprogress of our invcstigatiolls, iJnclin TatJlc VI wc show some values

of TDS vs Pllderived frcm cxpurimnts conduut.cclon our lalmutory gmcratccl

lcactmtes. During these studies, coal wastes fronlthree ditfcrcnt coal cleaning

plants were used and the table r[’prpsents overall averages.
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TAIILE VI

Err[CT Or pH O:iTOT?~L DISV31.VED SOLIDS

FOR llIGt{ SULl_llRCOAL CL[P,i41!iG NA5TES

TDS (;:)

5.1

1.2

0.4

0.3

0.3

Alkaline llurt.t-131izaLion is current.ly used extensively tfJ trwdt acid drdin-

age ft”olll COtll ~llili[.!5. N}lild it is w(:ll known th:)t alkaline ll?Utrdli7dti(Jll is

vp~y r’ffectiv(> illc[)rltrol’lin~;tl~e dci(l CJIICloverdll Ldlt C()!fl~(JSi~iOllSof lllin(~

,,
kiu~,i(l\;(;LCi”L,Llii’[~L’fji’L!LOf Lul-lti”blti;dt tlii~ lIICLllL)ti cxcrz~ GVLr Sitiiiitifjf tti~

morr? tli!!h~y1(’i~Lll~!tJl(! t.:.lxictt-ace)r!lr::Icntsr~lmin:; to be cslilblishcd, Llahoraticl]

of ttli5 lattf.:)poiil~.is tll(!Ix,isisfor the study that we cc:::iucted in this area.

The cxpcri;~lunt.~that wc coIIduct.wj F!crc ba~ic{]lly titr~t.ions in which

lili!(!!>toll~,1 ii:::.’, or lye (liLf?li) were a(ldc(t to o!w 1 i ixr of c.ontamilldtcr.lrt:fuse

driiiIIiIqc!unti 1 n prwlci..crl:liIIWI IJH val II(!ws reilch~’d. The solutions (or slurries)

were tlllow(I(lt(J sit overnight, were filtf~r~(, tllc pll’s were measured, and the

cc!y)ositions of (!w r(:sultillg solut.ionq w(!rc CIIll[IyZWl.

As arc th(! other col~trol tcchrlirlu(:s(Iiscusscd in this report, alk~line

ncutr,lliz~tion har been shown to IIC!IIIcffcctivc method for reducing or abating

tr~cu clwwnt contamincrtiull of coal rc!fuscdrairmgc. The projcctcd costs for

such irWatlllclltarc relatively low ($~.10 to $0.80 pcr miric ton of cleaned

coal ) and tilt’technique is rcli.rtivelycmsy to ~pply, as evic!mccd by the large

numkr of ncllt.ralizdtioll plants alrU;~(Jyin operation to trmt acid minu clrainaqc.
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~lkdl”inC: rl(!lltrdliZdtioll lr-’5sdtlrd Cti VC irlV(JIV(!r,tll@ fOZt ~5S(JLidtC(i With

rwuling [{~l{r~r(’rlu’i~-[’;i,(JrlL~,Ttwrc i:,a ~J()!;!;ltJi]ity tlliJtwd~k rmtcridlq cli’;-

IJ05(::Iof irld Wil Y which lJ1’oflIlc[’d cCJlltillilirldt(;d drdirm(je will bC cldt~ifi(’cl dS

hiJZd~d(JIJ!.. Thus L!:(!i)l)])dr[:rltlow CO:,L of al klIliII(Jrl(:utt’illization rl:;l.yh~vu to t]I

tr.wIp(;rcdwit.11d(lditiothll co:)tr n(:[!rlr’flt.n wr!f. l!~l~lffwrll]if dnd pcrfr)v:l!lcc:rc-

quirewcrlls. I irld’t]-y t.1,(’)’(.!iS 1i Lllv (JIJl)(Jrtlll]iL,y for b~-lJI”(JduCtH!COV(!)”y d(J~ill~

or subscquun L.to llr?lJLr,l]iziiliotl tr(!i]l-ll)(?r]t. TIIUS the pot[’l)t-idlfor wdl izing

ccorlwli(:g[litlin this w(ly it low.

SLM4AI{Y

The msIIl ts of th(:;r!rc~(?,lrchr!smake CIC!iJI”that codl ~J1’cparation rcfllse

ch+~inagcs from the high SU1rur wa:,tus of the 111inois Rfl:iinand wastes with

low sulfur colllcnks frolllt.llefipl~alilchiaflRc’giollrcicasc fic”idand trdcc

elcn]clltsirltosllrfaccand ground wall.crsin concentrations that arc crlviron -

nwtlt.al ly unilcc(:ptable. La bor~tory analysis of coal wastc~ and coal waste

lcachatcs lmvc yielded information on acid fomrtion, relcil$c nlccha(iisl!ls,

and trmcc clcwnt concc!ntrdtions in sufficient detail to allow us to address

key cnvironnlrntdl control issues in a controlled and methodical manner. These

corlsiclcratiol]sIlavurcsullxd in a control scenario in thrcr parts; waste
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(hlcinillj.— —.---
Limo

Cod”i‘ljlf~:a1-----. .-.

C(hlti)l (!Xity Iligll I.l[j(l(?rdt(!

~y-hdlJCt Put~:nti(ll Itigh Low

Tr[i.tl,lcntd:Jr’(:i.!fJtI short S!lot’t

Alk;ilill(’TI-r?;ItI~wIIt..——— ....... .-------.

Low

LOO(.I

Mo(lr\rFIt.(~

I.ow

LoIi{)

Poor

Ildz(lrllr)us

[IJtUH? W!)l”l:ill tlli’,IJ1’():j)-dl!l Will iltt.(!lil[)t to L’XIYilKl W l:llU\’!](2(l~I12 of COdl

wdsl.r’~ dnd thrir drilir]dg!!’,ill r)(!t](!ral, dfld to lJcr”;ect Inori’ I-( ’al is tic cnv iron-

mntal silllul(l[ioll cx; mriwllls both in tCJ”lll% of cc~llditiofls ~:!d of 5CillL’-lllJ.

Thc!!uwill lmd I(Jidolltific(ltiolland cv~luation of MY 11101”(1I“calistic

cnvironm(!lltol rontrol tc(:hnologies.
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